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PREFACE 

The California Energy Commission Energy Research and Development Division supports 

public interest energy research and development that will help improve the quality of life in 

California by bringing environmentally safe, affordable, and reliable energy services and 

products to the marketplace. 

The Energy Research and Development Division conducts public interest research, 

development, and demonstration (RD&D) projects to benefit California.  

The Energy Research and Development Division strives to conduct the most promising public 

interest energy research by partnering with RD&D entities, including individual s, businesses, 

utilities, and public or private research institutions.  

Energy Research and Development Division funding efforts are focused on the following 

RD&D program areas: 

¶ Buildings End -Use Energy Efficiency 

¶ Energy Innovations Small Grants 

¶ Energy-Related Environmental Research 

¶ Energy Systems Integration 

¶ Environmentally Preferred Advanced Generation  

¶ Industrial/Agricultural/Water End -Use Energy Efficiency 

¶ Renewable Energy Technologies 

¶ Transportation  

Golden Eagle Monitoring Plan for the Desert Renewable Energy Conservation Plan Area is a final 

report  for the Golden Eagle Survey and Monitoring Protocol for the Desert Ren ewable Energy 

Conservation Plan (contract number 500-12-007) conducted by U.S. Geological Survey. The 

information from this proj ÌÊÛɯÊÖÕÛÙÐÉÜÛÌÚɯÛÖɯ$ÕÌÙÎàɯ1ÌÚÌÈÙÊÏɯÈÕËɯ#ÌÝÌÓÖ×ÔÌÕÛɯ#ÐÝÐÚÐÖÕɀÚɯ

Energy-Related Environmental Research Program. 

For more information about the Energy Research and Development Division, please visit the 

$ÕÌÙÎàɯ"ÖÔÔÐÚÚÐÖÕɀÚɯÞÌÉÚÐÛÌɯÈÛɯwww.energy.ca.gov/research/ or contact the Energy 

Commission at 916-327-1551. 

 

http://www.energy.ca.gov/research/
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ABSTRACT 

This report describes options for monitoring the status and population trend s of the golden 

eagle (Aquila chrysaetos) within  the Desert Renewable Energy Conservation Plan (DRECP) area 

of Southern California  in maintaining stable or increasing population in the planning area.  The 

report profiles the ecology of golden eagles in the region and provides  a range of potential 

sampling options to address monitoring needs and objectives. This approach also focused on 

link s between changes in human land-use, golden eagle nesting and foraging habitat 

conditions, and population dynamics. The report outlines how monitoring data from 

demographic, prey, and habitat studies were used to develop a predictive demographic model 

for golden eagles in the DRECP area. Results from the model simulations suggest increases in 

renewable energy development could have negative consequences for population trajectories. 

Results also suggest site-specific conservation actions could reduce the magnitude of negative 

impacts to the local population of eagles. 

A monitoring framework is proposed including : (1) annual assessments of site-occupancy and 

reproduction by territorial pairs of golden eagles (including rates at which sites become 

colonized or vacated over time); (2) estimates of survival, movements, and intensity of use of 

landscapes by breeding and non-breeding golden eagles; (3) periodic (conducted every two to 

four years) assessments of nesting and foraging habitats, prey populations, and associations 

with lan d-use and management activities; and (4) updating the predictive demographic model 

with new information obtained on eagles and associated population stressors. 

The results of this research were published in the Journal of Raptor Research, Wiens, 

David, Inman, Rich D., Esque, Todd C., Longshore, Kathleen M. and Nussear, Kenneth (2017). 

Spatial Demographic Models to Inform Conservation Planning of Golden Eagles in Renewable 

Energy Landscapes. 51(3):234-257.  

Keywords: Golden eagle, Aquila chrysaetos, renewable energy, wind, solar, decision support, 

Desert Renewable Energy Conservation Plan  

 

Please use the following citation for this report:  

Wiens, J.D. et al. 2017. Golden Eagle Monitoring Plan for the Desert Renewable Energy 

Conservation Plan  Area. California Energy Commission. Publication number: CEC-500-

2018-008. 
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EXECUTIVE SUMMARY 

Introduction 

The golden eagle (Aquila chrysaetos) is a protected species specifically targeted for conservation 

under the Desert Renewable Energy Conservation Plan (DRECP). Developing  wind and solar 

energy projects in areas used by golden eagles in the DRECP area poses a unique challenge to 

ÓÈÕËɯÔÈÕÈÎÌÙÚɯÉÌÊÈÜÚÌɯÖÍɯÛÏÐÚɯÚ×ÌÊÐÌÚɀɯÝÜÓÕÌÙÈÉÐÓÐÛàɯÛÖɯÊÖÓÓÐÚÐÖÕÚɯÞÐÛÏɯÞÐÕËɯÛÜÙÉÐÕÌÚɯÈÕËɯ

sensitivity  to increases in human land-use. In addition, i nfrastructure associated with  wind and 

solar energy projects, especially roads and power lines, also cause direct mortality to golden 

eagles through collisions with vehicles or electrocutions from power poles . 

Research and monitoring of golden eagles are necessary to ensure that the biological goals and 

standards of the DRECP are achieved while promoting wildlife -compatible renewable energy 

development . It is generally recognized that t wo types of monitoring are required by regulatory 

officials for golden eagles in the DRECP area: population trend monitoring and project -level 

monitoring of fatality rates. This report focuses on monitoring population status and trends.  

Project Purpose 

The goal of the Golden Eagle Monitoring Plan is to evaluate the effectiveness of the DRECP in 

maintaining populations in the p lan area. The monitoring plan  provide s timely ecological 

information that can be used to guide future actions that minimize the impacts of renewable 

energy development and other human-caused stressors to golden eagles and their habitats. 

Ojectives of the Golden Eagle Monitor ing Plan are to: (1) assess change in population trends and 

factors associated with corresponding changes in proposed indicators of population status 

(territory occupancy, reproduction  and survival); (2) assess the potential for anticipated changes 

in human land-use to affect vital rates of golden eagles and their nesting and foraging habitats; 

and (3) develop a predictive demographic simulation model linking population dynamics of 

golden eagles, known threats, status of nesting and foraging habitats, and anticipated changes 

in land -use.   

Project Process and Results 

The Golden Eagle Monitoring P lan profile d the ecology and status of golden eagles and their 

habitats in the DRECP area, described a range of options to address monitoring and research 

needs, and presented an adaptive monito ring approach focused on link s among human land -

use, environmental conditions, and population dynamics of golden eagles. Based on a review of 

potential sampling options, the team proposed a monitoring framework that include d four 

main components: 1) annual assessments of site-occupancy and reproduction by territorial pairs 

of golden eagles (including rates at which sites become colonized or vacated over time); 2) 

estimates of survival, movements, and intensity of use of landscapes by breeding and non-

breeding golden eagles; 3) periodic (conducted every two to four  years) assessments of nesting 

and foraging habitats, prey populations, and associations with land -use and management 

activities; and 4) updating the baseline predict ive demographic model with new information 

obtained on eagles and associated population stressors.   
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To help guide initial monitoring efforts and synthesize demographic information on eagles , the 

authors developed a demographic  simulation model that integr ated empirical demographic 

data on golden eagles with spatial information  on the arrangement of nesting habitats, prey 

resources, and planned renewable energy development sites in the study region . The team used 

the model to explore potential effects of alternative development  scenarios and conservation 

strategies on the future distribution and abundance of golden eagles. Simulation results 

indicated  probable increases in deaths of golden eagles caused by developing renewable energy 

infrastructure ( such as collisions with wind -turbines and vehicles, electrocutions on power 

poles) could have negative consequences for population trajectories. Results also show how site-

specific conservation actions (for example seasonal curtailment of wind turbines, power pole  

retrofitting to lessen electrocution risk) could significantly reduce the magnitude of negative 

impacts to golden eagles. Output from the demographic model identified specific areas in the 

plan area that may contribute most to overall productivity of the local population, thereby 

providing an initial  guide to prioritize monitoring and conservation efforts.  

Simulation results from the predictive demographic model provided relevant expectations for 

the response of golden eagle populations, and their habitats, to the planned increases in 

renewable energy development in the plan area. These expectations include: 

¶ The local population of golden eagles may experience declines over the short term, 

caused by probable increases in subadult and adult fatalities associated with 

implementing renewable energy projects.  

¶ In the long term, the local population is likely not self -sustaining as it is heavily reliant 

upon external recruitment from other areas to maintain numbers of breeding eagles.  

¶ Quality of existing foraging habitats associated with future development focal areas will 

generally decline, but it remains unclear how mortality rates will be affected in these 

areas if use of these sites by individual eagles also declines as a result of decreased prey 

availability.  

The team proposed a monitoring framework relying  on broad-scale, standardized population 

surveys of breeding and non-breeding eagles coupled with more detailed studie s of survival 

and movements. Together, these studies provided precise and accurate estimates of the status 

and trend of the local population of golden eagles over time . Key components of data collection, 

analysis, and reporting during implementing the proposed monitoring plan are detailed 

demographic studies and annual surveys of breeding and non-breeding golden eagles. A 

standardized survey design and field protocols are  provided for  annual assessments of site 

occupancy, reproduction, and abundance of golden eagles.  

Observed estimates of population status and trend derived from newly collected  survey data 

can be compared with expected values derived from the demographic model to strengthen the 

predictive capabilities of the model.  

The results of this research were published in the Journal of Rapture Research, Wiens, J. David,  

Inman, Rich D., Esque, Todd C., Longshore, Kathleen M. and Nussear, Kenneth (2017). Spatial 
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Demographic Models to Inform Conservation Planning of Golden Eagles in Renewable Energy 

Landscapes. 51(3):234-257. 

Recommendations 

The research team recommends that golden eagle population surveys  include a site-occupancy 

design capable of providing precise estimates of occupancy, reproduction, abundance, and the 

rate of change in occupancy parameters. The design should account for imperfect detection of 

golden eagles during surveys, and permit the use of newer analytical methods can be applied to 

estimate relevant parameters such as population gains and losses. In particular,  noninvasive 

recapture methods, such as collecting feathers for genetic analysis could be used to estimate and 

monitor changes in survival  of territorial eagles. Finally,  the team recommends that long-term 

monitoring at multiple sites be coupled with regional surveys of the broader golden eagle 

population. These regional surveys of population size provide broader information relevant to 

national survey efforts for golden eagles. 

California Benefits 

This project benefitted ratepayers by promoting the SÛÈÛÌɯÖÍɯ"ÈÓÐÍÖÙÕÐÈɀÚ renewable energy goals 

and clean energy jobs, while helping to protect golden eagles and associated desert ecosystems. 

To meet the goals of the DRECP, and to promote compliance with the federal Bald and Golden 

Eagle Protection Act, research and monitoring must be com pleted to measure and assess 

population and habitat cond itions. Monitoring population trends of golden eagles allow  federal 

and state regulatory officials to determine the appropriate number of permits to issue for take 

requests by renewable energy projects while ensuring a sustainable population .   

Localized estimates of territory occupancy, reproduction, survival, and population size can 

provide regulatory agencies with information necessary to make sound conservation policy 

regarding site-specific permit ting of renewable energy projects. With a better understanding of 

the sensitivity of golden eagles to renewable energy development, wildlife managers and 

industry planners will effectively know which indicators to consider when planning for the 

conservation of golden eagles and their habitats in the context of siting future energy facilities.  

This information ensures stable and reliable sources of renewable energy can be provided to 

California residents in an environmentally responsible manner.   
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CHAPTER 1:  
Introduction 

1.1 Background 

Developing renewable energy resources must increase dramatically if California is to meet goals 

of providing greater retail electricity sales through renewable sources of energy (CA Senate Bill 

SB X1-2, Simitian, Chapter 1, Statutes of 2011).  In particular, the Mojave and Sonoran Deserts of 

southern California have been targeted for rapid development of renewable energy because of 

ÛÏÌɯÙÌÎÐÖÕɀÚɯÈÉÜÕËÈÕÛɯÞÐÕËɯÈÕËɯÚÖÓÈÙɯÐÙÙÈËÐÈÛÐÖÕɯ×ÖÛÌÕÛÐÈÓȭɯɯ3Öɯ×ÙÖÝÐËÌɯ×ÌÙÔÐÛÛÐÕÎɯÖÍɯÙÌÕÌÞÈble 

energy projects while minimizing potential impacts to unique desert ecosystems, the California 

Energy Commission, along with several other state and federal agencies and stakeholders, 

developed the Desert Renewable Energy Conservation Plan (DRECP; CEC 2011, 2014).  The goal 

of the DRECP is to provide for effective protection and conservation of unique desert 

ecosystems while allowing for the streamlined development of renewable energy projects.  The 

DRECP has 11 planning goals1, but three of those goals most relevant to this report are: 

¶ Provide for the long -term conservation and management of Covered Species within the 

planning area; 

¶ Identify the most appropriate locations within the planning area for the development of 

utility -scale renewable energy projects, taking into account potential impacts to 

threatened and endangered species and sensitive natural communities; and 

¶ Provide a comprehensive means to coordinate and standardize mitigation and 

compensation requirements for covered activities within the planning area. 

The golden eagle (Aquila chrysaetos; Figure 1) is a species targeted for conservation under the 

DRECP that may be sensitive to environmental changes associated with development of wind 

and solar energy projects (CEC 2014).  Development of wind-energy in areas occupied by 

ÎÖÓËÌÕɯÌÈÎÓÌÚɯ×ÖÚÌÚɯÈɯÜÕÐØÜÌɯÊÏÈÓÓÌÕÎÌɯÛÖɯÓÈÕËɯÔÈÕÈÎÌÙÚɯÉÌÊÈÜÚÌɯÖÍɯÛÏÐÚɯÚ×ÌÊÐÌÚɀɯÝÜÓÕÌÙÈÉÐÓÐÛàɯ

to collisions with wind turbines and sensitivity to changes in human land -use (Hunt 2002, Pagel 

et al. 2013, Kochert and Steenhof 2002, Steenhof et al. 2014).  Potential risks from solar 

developments are likely to be indirect, occurring through loss of foraging habitat and prey 

availability (Holroyd et al. 2010), although solar concentrating facilities may cause direct 

mortality via collisions with structures or from heat-related burns (Kagan et al. 2014, Walston et 

al. 2016). Infrastructure associated with wind and solar energy projects, especially roads and 

power lines, can be a significant cause of mortality in  golden eagles through collision s or 

electrocutions (Lehman et al. 2010, Hunt et al. 2017).  Breeding golden eagles are also sensitive 

to disturbance from recreational activities (Martin et al. 2009, Spaul and Heath 2016). 

 

                                                      
1 http://www.drecp.org/ index.html  
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Figure 1: Golden Eagle (Aquila chrysaetos) in the Mojave Desert  

 

Photo Credit: Kathleen Longshore 

 

Golden eagles are currently afforded protection under the Bald and Golden Eagle Protection 

Act (Eagle Act Standard; 16 U.S.C. 668 ɬ 668d). The U.S. Fish and Wildlife Service (USFWS) 

recently proposed changes to the Eagle Act Standard to include modifications to regulations 

governing incidental  take permits for bald and golden eagles (USFWS 2016).  To promote 

compliance with federal and state laws protecting eagles, and to determine issuance criteria of 

take permits for renewable energy projects, the USFWS developed the Eagle Conservation Plan 

Guidance Module 1: Wind E nergy Development (ECPG). The ECPG provides guidance for 

renewable energy projects on determining presence and use of proposed and existing project 

sites by golden eagles (USFWS 2013).  Jointly, the two conservation plans (DRECP, ECPG) 

ÐÕÍÖÙÔɯ"ÈÓÐÍÖÙÕÐÈɀÚɯÙÌÕÌÞÈÉÓÌɯÌÕÌÙÎàɯÚÛÙÈÛÌÎàȭɯɯ ɯÒÌàɯÖÉÑÌÊÛÐÝÌɯÖÍɯÉÖÛÏɯÊÖÕÚÌÙÝÈÛÐÖÕɯ×ÓÈÕÚɯÐÚɯÛÖɯ

monitor population size and trends of golde n eagles so that regulatory officials can determine 

the appropriate number of permits to issue for take requests by renewable energy projects while 

ensuring a sustainable breeding population. Research and monitoring is necessary to ensure 

biological goals and standards of the DRECP will be achieved while promoting compatible 

renewable energy development (CEC 2014). Specifically, monitoring of golden eagles is 

required to: (1) assess trends in the golden eagle population relative to goals of maintaining 

stable or increasing breeding populations; (2) promote effective golden eagle conservation and 

compatible renewable energy development; and (3) determine if management actions, including 

compensatory mitigation, are meeting the goals of the DRECP and Eagle Act Standard. 
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Figure 2: Historical Nest Locations Used by Golden Eagles in the DRECP Area, California 

 

 

There is currently little information available on the population status of golden eagles in areas 

targeted for conservation under the DRECP. Recent surveys indicate that nests historically used 

by golden eagles are patchily distributed in the plan area (Figure 2; Latta and Thelander 2013, 

George et al. 2014).  Golden eagles occur in open savannas and shrub-steppe landscapes in the 

region, but they also breed in nearby mountain ranges with open forest and deserts (Brown 

2014).  Non-breeding eagles, including non -territorial subadults or adult floaters (i.e.,  breeding-

aged individuals that are prevented from reproducing by lack of a territory or nesting 

opportuni ties; Steenhof and Newton 2007), or bird s on migration or during winter  also use the 

Plan area.  Availability of sufficient nesting substrates, such as cliffs, large trees, or transmission 

towers, can limit the distribution of breeding territories, a nd, ultimately, population size 

(Watson 2010, Brown 2014). Historically, golden eagles occurred in open habitats of deserts 

throughout the region , though detailed data on the distribution  of breeding pairs are lacking 

(reviewed by Brown 2014). More recently, local telemetry studies showed that resident golden 

eagles expanded their home ranges in hot summer months to include cooler, mountainous areas 

proximate to the Plan area (Braham et al. 2015). This finding is relevant because it suggests that 

prudent conservation measures for resident golden eagles in the DRECP area will consider risks 

and benefits to eagles encountered outside of the plan area. These findings also indicate that 
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seasonal variation in movement behaviors could influence the ability to detect the birds at their 

breeding sites and determine breeding status during population surveys (Braham et al. 2015). 

Two types of monitoring have been outlined for golden eagles in the DRECP area: population 

trend monitoring and project -level monitoring  of fatality rates (CEC 2014). This report focuses 

on population trend monitoring.  Estimating population size and trend of golden eagles over 

time requires: 1) a rigorous sampling design to avoid biases; 2) measurements that are precise 

enough to detect trends; and 3) analyses that can reliably separate changes in the factors of 

interest from other confounding sources of variation.  Despite the need for detailed population 

assessments of golden eagles, it is unclear what specific tools will provide land managers with 

the information needed to minimize risks to golden eagles while permitting as many renewable 

energy projects as possible.  Most existing long-term information on golden eagles in western 

North America is from studies that tracked trends  in site-occupancy and reproduction of 

breeding pairs in local populations (e.g., Kochert and Steenhof 2002, Martin et al. 2009).  Such 

information provides valuable insights about the ecological response of breeding eagles to site-

specific conditions, but  these types of studies may not adequately address the question of 

whether a local population of eagles has the demographic resiliency to absorb additive stressors 

associated with rapid renewable energy development.  In addition, many past monitoring 

progr ams focused only on the breeding segment of eagle populations, which fails to account for 

non-breeding floaters that can quickly replace breeder mortality and complicate interpretations 

of population status.  Alternative methods based on aerial line -transect surveys provide 

estimates of total population size (Good et al. 2007, Millsap et al. 2013, George et al. 2014, Duerr 

et al. 2015), but these approaches may not provide sufficient precision to reliably detect relevant 

changes to both breeding and non-breeding segments of the local population.  These 

uncertainties indicate that multiple life -history stages and demographic parameters of golden 

eagles will need to be monitored to ensure both short- and long-term changes to the local 

population are detected.  As a consequence, a combination of monitoring tools is likely to be 

required to ensure that established conservation goals for golden eagles are being met. 

1.2 Steps in Developing the Golden Eagle Monitoring Plan 

The approach to developing a proposed moni toring framework for golden eagles in the plan 

area was built upon general recommendations for the design and implementation of a 

monitoring program for sensitive sp ecies by Mulder et al. (1999). This approach was developed 

to provide a monitoring framewor k for sensitive avian species targeted for conservation under 

the Northwest Forest Plan, including the northern spotted owl ( Strix occidentalis caurina; Lint et 

al. 1999) and marbled murrelet (Brachyrhamphus marmoratus; Madsen et al. 1999). The Golden 

Eagle Monitoring Plan uses an adaptive approach to monitoring focused on  linkages between 

human land -use, environmental  conditions, and population dynamics of eagles. Following  are 

six steps (modified from Mulder et al. 1999) of the proposed monitoring framewo rk. Specific 

reference points in the monitoring plan that relate to each step are also provided. 

Step 1: Specify monitoring goals and data nee ds. This step was accomplished via a 

multiagency DRECP Golden Eagle Monitoring Plan Meeting.  Representatives of management 
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and regulatory agencies responsible for implementing the DRECP met with scientists 

specializing in golden eagle ecology and survey methods to clarify objectives and expected uses 

of monitoring data.  The outcome of this meeting was: 1) a set of monitoring objectives; 2) an 

outline of data needs; and 3) a general strategy to monitor golden eagles in the plan area.  See 

"ÏÈ×ÛÌÙɯƕȯɯɁ,ÖÕÐÛÖÙÐÕÎɯ0ÜÌÚÛÐÖÕÚɯÈÕËɯ.ÉÑÌÊÛÐÝÌÚɂɯÈÕËɯ"ÏÈ×ÛÌÙɯƘȯɯɁ/Ö×ÜÓÈÛÐÖÕɯÈÕËɯ'ÈÉÐÛÈÛ 

ÉÈÚÌËɯ,ÖÕÐÛÖÙÐÕÎɯ2ÛÙÈÛÌÎÐÌÚɂȭɯA report deta iling meeting objectives, outcomes, and participants 

is also provided in Appendix A .  

Step 2: Identify primary threats and develop conceptual model s linking threats to population 

dynamics  of golden eagles. 2ÌÌɯ"ÏÈ×ÛÌÙɯƖȯɯɁConceptual Model of Population IndÐÊÈÛÖÙÚɂȭ 

Step 3: Identify and select candidate indicators that reflect fundamental demographic 

processes and state of the golden eagle population.  2ÌÌɯ"ÏÈ×ÛÌÙɯƖȯɯɁConceptual Model of 

/Ö×ÜÓÈÛÐÖÕɯ(ÕËÐÊÈÛÖÙÚɂȮɯÈÕËɯ"ÏÈ×ÛÌÙɯƗȯɯɁGolden Eagle Predictive Demographic Modelɂȭɯɯ'ÌÙÌȮɯ

the predictive demographic model is: 1) used to help identify specific vital rates that are most 

important to monitor given the current knowledge of the eagle populat ion and anticipated 

development; and 2) continuously updated and refined as new demographic information is 

collected, thereby providing a quantitative support tool for land management decisions in the 

Plan area that may affect eagles. 

Step 4: Establish sampling designs to estimate status and tr end of essential demographic 

parameters and candidate indicators  over space and time. 2ÌÌɯ"ÏÈ×ÛÌÙɯƘȯɯɁ.ÝÌÙÝÐÌÞɯÖÍɯ

,ÖÕÐÛÖÙÐÕÎɯ.×ÛÐÖÕÚɂȮɯ"ÏÈ×ÛÌÙɯƙȯɯɁ/ÙÖ×ÖÚÌËɯ,ÖÕÐÛÖÙÐÕÎɯ ××ÙÖÈÊÏɂȮɯÈÕËɯ ××ÌÕËÐßɯ"ȯɯ

Ɂ/ÙÖ×ÖÚÌËɯ2ÈÔ×ÓÐÕÎɯ#ÌÚÐÎÕɂȭ  

Step 5: Conduct p eriodic assessment of li nkages between threats, habitat characteristics, 

population dynamics, and management actions.  2ÌÌɯ"ÏÈ×ÛÌÙɯƗȯɯɁGolden Eagle Predictive 

Demographic ModelɂɯÈÕËɯ"ÏÈ×ÛÌÙɯƙȯɯɁ/ÙÖ×ÖÚÌËɯ,ÖÕÐÛÖÙÐÕÎɯ ××ÙÖÈÊÏɂȭ   

Step 6: Ensure link to adaptive management and  decision -making .  The monitoring plan is 

viewed as a work in progress, to be updated as new knowledge and information is gained 

about the population status of golden eagles and associations with renewable energy. Step 6 

emphasizes the importance of an adaptive monitoring approach capable of quickly embracing 

new information or  unexpected threats as necessary. 2ÌÌɯ"ÏÈ×ÛÌÙɯƚȯɯɁ(Ô×ÓÌÔÌÕÛÈÛÐÖÕɯÈÕËɯ

1ÌÍÐÕÌÔÌÕÛɯÖÍɯÛÏÌɯ,ÖÕÐÛÖÙÐÕÎɯ/ÓÈÕɂȭ   

1.3 Definitions 

Differing concepts and interpretations of habitat have caused significant confusion and 

uncertainty in the interpretation of the scientific literature (Hall et al. 1997, Morrison et al. 2006 , 

Krausman and Morrison 2016). For the purposes of this monitoring plan, habitat for golden 

eagles includes those areas with the full suite of resources (e.g., abundant prey, nest substrates) 

and environmental conditions (e.g., vegetation, climate) suitable for occupancy, reproduction, 

and survival of the species (sensu Morrison et al. 2006). For example, one critical component of 

habitat for golden eagles is the availability of suitable substrates to build their large nesting 

structures, while at broader spatial scales habitats used by the birds are typically evaluated in 
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terms of physiographic conditions most suita ble for foragi ng or dispersal. A more holistic 

definition of habitat considers other environmental conditions, such as abundance of prey or 

competitors, weather, and climate. 

1.4 Monitoring Questions and Objectives 

The Golden Eagle Monitoring Plan evaluates the effectiveness of the DRECP in maintaining 

populations and habitats of golden eagles in the plan area.  The monitoring plan is intended to 

provide timely ecological information that can be used to inform future actions that reduce 

possible impacts of energy development to eagles and their habitats.   

The monitoring plan is centered on a specific set of management-based questions about 

conservation of golden eagles in the plan area. These questions were developed and agreed 

upon by regulatory officials and scientists  at the multiagency DRECP golden eagle monitoring 

plan meeting (see Appendix A), and included: 

¶ Will implementation of the Conservation Plan meet the goals of the DRECP and Eagle 

Act Standard in maintaining stable or increasing populations of golden eagles? 

¶ What is the trend in vital rates of golden eagles (e.g., territory occupancy, adult survival, 

reproduction) in the planning area?  Do these trends support a conclusion that the 

DRECP is working to achieve stable or increasing populations? 

¶ How do renewable  energy development and other anthropogenic stressors interact to 

influence golden eagles in the plan area? 

Given the goal and monitoring questions identified above, specific objectives of the golden 

eagle monitoring plan are to:  

1) Assess change in population trend and factors associated with corresponding changes in 

key vital rates (site occupancy, survival, reproduction).  

2) Assess change in the amount and distribution of suitable nesting and foraging habitat 

conditions for golden eagles in the plan area. 

3) Develop a predictive demographic simulation model linking population dynamics of 

golden eagles to multiple interacting t hreats, status of nesting and foraging habitats, and 

anticipated changes in land-use. 

The predictive demographic model specified under Objective 3 serves two important purposes: 

1) to inform which vital rates are likely to be most important to monitor, given the current 

knowledge of the eagle population in the beginning stages of monitoring ; and 2) to provide a 

quantitative decision -support tool that is continuously updated as new information on eagles 

and their habitats is collected in the plan area.    
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CHAPTER 2: 
Conceptual Model of Population Indicators 

2.1 Conceptual Model Purpose and Development  

An initial task in developing  the monitoring plan was to select indicators that reflect the 

underlying processes governing population dynamics, which can be facilitated by the 

development of a conceptual model (Lint et al. 1999, Mulder et al. 1999). The indicators are 

attributes that directly characterize the state of the population, or characterize the structural and 

compositional resources that determine population status.  The conceptual model outlines 

known and hypothesized connections among  ecosystem processes (e.g., climate, landscape 

disturbance), resources (e.g., food, nesting sites), and population dynamics of golden eagles.  

Development of the model began with a list of potential candidate indicators linking 

environmental conditions to abundance, distribution, and vital rates (i. e., survival and 

reproduction).  This list included biotic and abiotic features of the environment that may interact 

across multiple spatial and temporal scales to limit population size. Next, potential limiting 

factors were linked according to their potential effect on the population in terms of survival, 

reproduction, and movement, in addition to potential effects on food and nesting resources.  

The resulting conceptual model illustrated the dynamic relationships  among population 

limiting factors of golden eagles and their habitats in the plan area (Figure 3).     

2.2 Population Limiting Factors 

Questions relevant to conservation of golden eagles involve factors that limit the ir  distribution 

and abundance. Such factors include biotic and abiotic features of the environment that affect 

individual fitness and important population processes l ike survival and reproduction. Golden 

eagles are normally regulated by interactions between resource levels, climate, and density-

dependent factors, but human impacts such as disturbance, exposure to contaminants, or 

persecution may accentuate these factors and lead to reduced viability.  Disturbance, whether 

natural or human -induced, can also affect populations by changing the abundance and 

availability of resources, which in turn may influence other ecological relationships such as 

competition or disease.  Selection of individual - and landscape-scale indicators for monitoring 

was based on literature review, expert opinion, and prel iminary inferences drawn from a 

population simulation model (see Chapter 3: Golden Eagle Predictive Demographic Model). 

2.3 Application to Golden Eagles in the Plan Area 

During preliminary meetings with regulatory officials and biologists, it was recognized that the 

DRECP area may not necessarily be a biologically relevant scale to golden eagles, but that 

monitoring at this scale is still necessary to meet all Renewable Energy Action Team agency 

regulatory needs (Appendix A). As a result, the monitoring plan largely focuses on the 

relationship between renewable energy development and localized population dynamics of 

golden eagles in the plan area (including breeding, resident non-breeding, migrating, and 

wintering eagles; USFWS 2013).  
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Figure 3: Conceptual Model of Population Limiting Factors for Golden Eagles in the DRECP Area, California 

 

Shown are the potential direct and indirect pathways by which natural and human-induced stressors (population limiting factors) may interact to 
affect golden eagles and their habitats in the Desert Renewable Energy Conservation Plan area, California
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In addition to direct consequences of renewable energy development to the local population, the 

conceptual model illustrates potential changes in habitat availability (i.e., loss of breeding sites and 

foraging areas) as a limiting factor.  For this reason, potential indicators of population change in the 

plan area are presented in two broad categories ɬ popu lations and habitat (Figure 3).  Here, the 

consequences of changes in habitat conditions caused by human disturbance can be assessed directly 

by measuring various demographic rates of golden eagles, or indirectly by measuring 

environmental attributes (e.g. , prey availability) predicted to be tightly correlated with demographic 

rates of eagles. 

Measurement of and inferences about populations of golden eagles are influenced by the scale of 

observation.  The conceptual model outlined above was considered over three spatial scales to 

capture potential scale-dependent effects of environmental stressors on golden eagles: 

¶ Territory scale : focuses on landscape change processes within individual breeding territories 

(i.e., project-level effects on nest sites and foraging areas of breeding individuals).  This scale 

highlights the distinction among territories with high versus low probability of occupancy, 

reproductive output, and survival.  

¶ Planning area (DRECP) scale: focused on cumulative changes at the landscape scale of the 

plan area, and how these changes influence size and distribution of the local breeding 

population of golden eagles.  At this scale, cumulative changes in habitat may indirectly 

affect resource use, reproduction, and survival across multiple breedi ng sites.   

¶ Regional and national scale: links changes in the local population of golden eagles in the 

plan area to changes in the regional or national population (or meta-population).  This scale 

is focused on cumulative change in populations and/or habit ats across multiple 

physiographic regions of the western U.S., and how those changes may ultimately affect 

results of a localized monitoring program.  

2.4 Indicators Proposed for Monitoring 

Indicators of population status and trend should:  

¶ Be representative of the state of the focal population. 

¶ Reflect fundamental population processes and changes. 

¶ Be measureable and quantifiable. 

¶ Show a high likelihood of detecting changes in the state of the ecosystem. 

¶ Have reasonable measurement costs. 

The conceptual model for golden eagles focuses primarily on anthropogenic stressors and 

ÈÝÈÐÓÈÉÐÓÐÛàɯÖÍɯÙÌÚÖÜÙÊÌÚɯÈÚɯÛÏÌɯ×ÙÐÔÌɯËÌÛÌÙÔÐÕÈÕÛÚɯÖÍɯÛÏÌɯÚ×ÌÊÐÌÚɀɯ×Ö×ÜÓÈÛÐÖÕɯËàÕÈÔÐÊÚȭɯɯ!ÈÚÌËɯÖÕɯ

the conceptual model and selection criterial specified above, indicators of population status  and 

trend proposed for monitoring include:  
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1. Population size (numbers of breeding and non-breeding individuals).  

2. Survival (includes estimation of adult and pre -adult mortality).  

3. 1Ì×ÙÖËÜÊÛÐÖÕɯȹÈÕÕÜÈÓɯ×ÙÖ×ÖÙÛÐÖÕɯÖÍɯÚÐÛÌÚɯÔÖÕÐÛÖÙÌËɯÞÐÛÏɯȁɯƕɯàÖÜÕÎɯÍÓÌËÎÌËȮɯÈÕËɯthe number 

of young fledged per site per year). 

4. Site occupancy (annual proportion of survey sites with detections of territorial pairs of eagles 

and/or subadult eagles). 

5. Territory turnover (includes estimation of the frequency at which territorial individu als are 

replaced at known breeding sites ɬ an indicator of high site -specific mortality).  

Indicators of status and trend in habitat conditions include:  

1. Amount and distribution of nesting habitat (includes availability of nesting substrates).  

2. Amount and distribution of foraging habitat (includes the physiographic conditions that 

facilitate prey availability and prey acquisition by eagles).  

3. Density and distribution of primary prey species.  
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CHAPTER 3: 
Golden Eagle Predictive Demographic Model 

By J. David Wiens, N.H. Schumaker, R.D. Inman, T.C. Esque, K.M. Longshore, and K.E. Nussear 

3.1 Need and Application 

Life-history of golden eagles is characterized by high survival of long -lived territorial adults 

(Kochert et al. 2002), but relatively low annual repro duction (Watson 2010), and a delayed age at 

first breeding (4 ɬ 7 years old; Steenhof et al. 1997, 2014). These life history traits make it difficult for 

short-term field studies to quantify impacts of potential threats associated with renewable energy 

development, because long time lags may separate disturbance events from their population-level 

consequences (Krauss et al. 2010, Hylander and Ehrlén 2013). In addition, emergent risks from 

energy development may interact with existing, more pervasive threats  (e.g., lead or rodenticide 

contamination; Herring et al. 2017), making it especially difficult for traditional field studies to 

identify the relative importance of di fferent anthropogenic threats. 

Forecasting population responses of golden eagles to an increasing array (or intensity) of 

anthropogenic threats is complicated because individual contributions to population dynamics vary 

depending on age, social status, and the ability to acquire resources in spatially variable 

environments. Mechanistic populat ion models provide a means to address this conundrum because: 

1) they provide a standardized framework for integrating empirical data with expert knowledge and 

biological intuition, and 2) they are ideally suited for developing, testing, and communicating 

hypotheses and predictions about the relative influence of multiple interacting stressors (Munns 

2006, Schumaker et al. 2014, Stenglein et al. 2015, Tuma et al. 2016).  Additionally, the process of 

developing a mechanistic population model demands that aut hors make explicit assumptions about 

system dynamics, which ultimately enhances transparency within a management context ( Turner et 

al. 1995, Grimm 1999). This process allows researchers to synthesize and extend knowledge gained 

from empirical field studie s while allowing managers and stakeholders to understand and utilize 

scientific information in the pursuit of effective conservation policy (Katzner et al. 2007, Schmolke et 

al. 2010, Albeke et al. 2015).   

Empirical data on population indi cators identified in Chapter 2, and information on population 

trends of golden eagles in the plan area, were lacking. As a consequence, a spatially-explicit, 

individual -based model was developed to explore potential interactions between existing threats, 

planned increases in renewable energy development, and population dynamics of go lden eagles in 

the DRECP area. The goal was to develop a flexible modeling framework that can aid in the spatial 

conservation prioritization of golden eagles exposed to increases in renewable energy development 

and other potential threats. The baseline population model included stage-specific survival, 

reproduction, movement, and resource use of golden eagles that was informed by spatial data on 

nesting habitats and prey availability derived fro m field studie s conducted in the study area. Model 

assumptions were evaluated with empirical data, and w as assessed how uncertainty affected the 

ÔÖËÌÓɀÚɯ×ÙÌËÐÊÛÐÖÕÚȭɯThe model was then used to explore potential effects of future renewable 

energy development on popula tion dynamics of golden eagles. This population model was not to 
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predict actual changes in the size of the target population, but rather to identify possible population 

responses to anticipated changes in land-use, and to assess possible conservations strategies by their 

relative effects on abundance and distribution of  golden eagles. Specific objectives were to: 1) 

develop and document a spatially -explicit, individual -based simulation model for the local 

population of golden eagles in the DRECP region, 2) assess the performance of the model in 

capturing expected conditi ons of the population, 3) determine sensitivity of results to uncertain 

demographic parameters, and 4) use the model to explore possible demographic consequences of 

renewable energy development to golden eagles. 

3.2 Model Development and Population Simulations 

The team modeled the local population of golden eagles within the DRECP (91,400 km2) and 

surrounding areas within a 50 -km radius of the planning area boundary (total area = 192,444 km2; 

Figure 4). A  50-km radius was established around the plan area boundary to account for areas where 

resident eagles may encounter both risks and resources beyond those typically encountered within 

the plan area (Braham et al. 2015). This radius also approximated median natal dispersal distance of 

golden eagles (46.5 km; Millsap et al. 2014). 

Availability of food and nesting sites are strong determinants of distribution, nesting density, and 

other life -history traits of golden eagles (Kochert et al. 2002, Watson 2010). Accordingly, the 

assessment included three interacting models developed for the study area: a nest habitat suitability 

model, a prey availability model, and a golden eagle population model. The nest habitat model 

estimated areas with suitable nesting conditions for golden eagles in the study area, and was 

developed from a species distribution model (SDM; Franklin 2010) that related known nesting 

locations with physiographic condition s associated with those sites. The prey availability model 

estimated the distribution of primary prey species found to occur in d iets of golden eagles in the 

study area (Longshore et al. 2017), and was developed from line -transect density surveys of prey 

species conducted in 2014 and 2015. Spatial information from the nest habitat suitability and prey 

distribution models served as t he landscapes for a spatially explicit, individual -based model of 

golden eagle population dynamics. The spatial distribution of nesting and food resources thus 

provided an environment within which movement, resource acquisition, reproduction, an d survival 

could be simulated. The team initially developed a baseline population model reflecting current 

conditions, and then used this model to evaluate potential consequences of future renewable energy 

development to the local population. The model was also well suited to assess conservation actions 

proposed to offset probable impacts of future renewable energy projects (CEC 2014).  
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Figure 4: Spatial Data Used to Inform the Golden Eagle Predictive Demographic Model for the DRECP Area, California 

 

Shown are the spatial data used to inform an individual-based, spatially explicit simulation model for golden eagles, including: (A) relative nesting 
habitat suitability, (B) estimated prey availability, (C) spatial mortality risk from wind turbines, high risk roads, and powerlines, and (D) locations of 
planned renewable energy development (Development Focal Areas), off-highway vehicle (OHV) use areas, and sites identified for conservation 
actions (Conservation Planning Areas; CBI 2014). 
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